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Remarks : 

Claims 14-25, 27-30, and 42 remain for consideration in this application with claims 1 4, 1 9, 
27, and 42 being in independent format. 

As an initial matter, Applicant wishes to thank Examiner Betton and his supervisor for their 
time and consideration during a telephone interview conducted on December 20, 2007. Briefly, 
Applicant's representatives discussed with the Examiner and his supervisor whether deletion of the 
phrase "precursors thereof would overcome the prior art rejections, in addition to overcoming the 
§ 1 1 2 issues raised in the Office Action. The Examiner indicated that removing this language would 
overcome the § 1 12 issues; however, agreement was not reached with regard to the cited prior art 
references. Applicant's representatives also discussed with the Examiners whether submitting 
evidence of the differences between the claimed glycine betaines and the cited prior art compounds 
would be persuasive in overcoming the cited references. The Examiner indicated that such a 
declaration may be persuasive. 

Turning to the Office Action, claims 14-25, 27-30, and 42 were rejected under 
35 U.S.C. § 1 12, first paragraph as failing to comply with the written description requirement. In 
particular, the Examiner asserted that the term "precursors" is indefinite. Claims 14, 19, 27-29, and 
42 have been amended to eliminate the phrase "precursors thereof." Therefore, this rejection should 
be overcome. 

Applicant notes with appreciation that the Examiner has not raised any prior art rejections 
against claim 42, which recites that the system is adapted for controlling the release of the active 
compound for at least 2160 minutes. Now that Applicant has overcome the only rejection raised 
against this claim (the § 112 rejection) as explained above, claim 42 should be in condition for 
allowance. 
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Turning now to the prior art rejections, claims 14-25 and 27-30 were rejected over the 
combined teachings of U.S. Patent No. 6,287,765 and U.S. Pub. No. 2002/0034757, both to 
Cubicciotti etal. (hereinafter "Cubicciotti"), in view of U.S. Patent No. 5,928,195 to Malamud et al. 
(hereinafter "Malamud") and U.S. Patent No. 6,399,785 to Murphy et al. (hereinafter "Murphy"). 
"To support the conclusion that the claimed invention is directed to obvious subject matter, either 
the references must expressly or impliedly suggest the claimed invention or the examiner must 
present a convincing line of reasoning as to why the artisan would have found the claimed invention 
to have been obvious in light of the teachings of the references." Ex parte Clapp, 227 U.S.P.Q. 972, 
973 (B.P.A.I. 1985) 

A determination of obviousness can be problematic because the Examiner, in deciding that 
a feature is obvious, has the benefit of the applicant's own disclosure as a blueprint or guide, and 
even a complex solution may seem easy or obvious. In contrast, a person having ordinary skill in 
the art at the time the invention was made would have no such guide. Furthermore, once an 
obviousness rejection has been made, the applicant is in the exceedingly difficult position of having 
to prove a negative proposition (i.e., non-obviousness) in order to overcome this rejection. 

For these reasons, the law places upon the Examiner the initial burden of establishing a prima 
facie case of obviousness. See in re Oteiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443 (Fed. Cir. 
1992). If the Examiner fails to establish the requisite prima facie case, the rejection is improper and 
will be overturned. In re Rijckaert, 9 F.3d 1531, 1532, 28 U.S.P.Q.2d 1955 (Fed. Cir. 1993). That 
is, " [i]f the PTO fails to meet this burden, then the application is entitled to the patent." In re Glaug, 
283 F.3d 1335, 1338, 62 U.S.P.Q.2d 1151 (Fed. Cir. 2002). Only if the Examiner has satisfied the 
initial burden of establishing a proper prima facie case of obviousness, does the burden shift to the 
applicant to provide argument or evidence to refute the rejection. See in re Kumar, 418 F.3d 1362, 
1366, 76 U.S.P.Q.2d 1048 (Fed. Cir. 2005). 
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In meeting this initial burden, it "is impermissible to pick and choose from the prior art 
references only the portions of the disclosures that support a given proposition, to the exclusion of 
other parts necessary to the full appreciation of what the references fairly suggest to one skilled in 
the art." In re Wesslau, 353 F.2d 238, 241 (C.C.P.A. 1965). Thus, the Examiner must cast his or 
her mind back to the time of the invention, in order to consider the invention from the perspective 
of a person having ordinary skill in the art, guided only by the prior art references and the 
then-accepted wisdom in the field. See, e.g., W. L. Gore & Assoc., Inc. v. Garlock, Inc., 721 F.2d 
1540, 1553, 220 U.S.P.Q. 303 (Fed. Cir. 1983). 

When claims are rejected as obvious in view of two or more references, a holding of 
obviousness must be based on "an apparent reason to combine the known elements in the fashion 

claimed." KSR Int'l Co. v. Teleflex Inc., 550 U.S. , 82 U.S.P.Q.2d 1385, 1396 (2007). The 

determination of obviousness is based, not only on whether a person of ordinary skill in the art would 
be motivated to combine the references to achieve the claimed invention, but also whether there 
would have been a reasonable expectation of success in doing so. PharmaStem Therapeutics, Inc. 
v. Viacell, Inc., 491 F.3d 1342, 1360 (Fed. Cir. 2007) (decided after KSR, citing Medichem, S.A. v. 
Rolabo, S.L. , 437 F.3d 1 1 57, 1 1 64 (Fed. Cir. 2006)). Mere conclusory statements cannot sustain an 
obviousness rejection as there must be "some articulated reasoning with some rational underpinning 
to support the legal conclusion of obviousness." In re Kahn, 441 F.3d 977, 988, 78 U.S.P.Q.2d 1329 
(Fed. Cir. 2006) (emphasis added) (cited with approval in KSR Int'l Co. v. Teleflex Inc., 550 U.S. at 

, 82 U.S.P.Q.2d 1385, 1396). Moreover, if the proposed modification or combination would 

render the prior art invention unsuitable for its intended purpose, or change its principle of 
operation, then there is no suggestion or motivation to make such modification or combination. In 
re Gordon, 733 F.2d 900, 902 (Fed. Cir. 1984) (emphasis added). In addition, references cannot be 
combined or modified where the prior art teaches away from such combination or modification. 
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United States v. Adams, 383 U.S. 39, 50-52 (1 966) (cited with approval in KSR, 550 U.S. at , 82 

U.S.P.Q.2d 1385, 1395); See also in re Gurley, 27 F.3d 551, 553 (Fed. Cir. 1994). Finally, each and 
every element of the claims must be taught or suggested in the prior art. M.P.E.P. § 2143.03; see 

KSR, 550 U.S. at , 82 U.S.P.Q.2d 1385, 1398-1399 (addressing obviousness based on all 

elements of claim). 

In the Office Action, the Examiner asserted Cubicciotti allegedly "teachjes] the same 
elements of the claimed invention " but "does not teach the use with glycine betaine or any betaine 
derivative thereof." Office Action, 9/20/2007, p. 2, 6 (emphasis added). To supplement the 
deficiencies of the Cubicciotti references with regard to the claimed invention, the Examiner cited 
Malamud as "suggesting] the motivation to combine with Cubicciotti et al., because Malamud et 
al. teach use with a betaine derivative and a glycine derivative in a remotely controlled drug delivery 
system." Id. In addition, the Examiner cited Murphy as "teaching] the controlled release of active 
drug substances in various compartments of the mammal in need of such treatment," and asserted 
that "Murphy also teaches administration with glycine or derivatives thereof." Id. p. 3. The 
Examiner went on to explain that the claims did not exclude possible derivatives of glycine betaine 
because of the recited "precursors thereof in the claims. Id. 

Applicant respectfully submits that the Examiner has failed to establish a prima face case of 
obviousness for at least the following reasons. As noted above, claims 14, 19, and 27-29 have been 
amended to eliminate the phrase "precursors thereof." Thus, as amended, the claims are directed 
towards controlled release pharmaceutical systems which include an effective amount of a compound 
selected from the group consisting of "glycine betaine, pharmaceutically acceptable salts thereof, and 
mixtures thereof." None of the cited prior art references teach or suggest glycine betaine, 
pharmaceutically acceptable salts thereof, and mixtures thereof, as claimed. Rather, Malamud 
discloses only an "alkyl-ZV-betaine surfactant" such as "alkyl dimethyl glycine." Col 5, 11. 38; 45. 
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Likewise, Murphy discloses only substituting fullerenes with "vV-aryl glycines" as precursor 
compounds, 'W-linking of benzhydralamine," and 'W-tritylglycine." Finally, the Examiner has 
already acknowledged that there is no teaching of glycine betaine in Cubicciotti. Thus, none of the 
cited references disclose the instantly claimed glycine betaines, pharmaceutically acceptable salts 
thereof, and mixtures thereof. Moreover, even if the prior art did teach glycine betaine (and it does 
not), the Examiner has not identified any "apparent reason" for a person of ordinary skill in the art 

to combine or modify the references to achieve the presently claimed invention. KSR, 550 U.S. , 

82 U.S.P.Q.2dat 1396. 

Applicant further notes that the Examiner keeps using the phrase "betaines and derivatives 
thereof in the Office Actions and thus, appears to assert that the compounds disclosed in the prior 
art are "derivatives" of the claimed glycine betaine. Applicant respectfully submits that this mis- 
characterizes the prior art in a way that makes the disclosed compounds seem closer to the claimed 
glycine betaines, pharmaceutically acceptable salts thereof, and mixtures thereof. Even if this 
characterization were correct, it is well know that a "presumption of obviousness based on a 
reference disclosing structurally similar compounds may be overcome where there is evidence 
showing there is no reasonable expectation of similar properties in structurally similar compounds." 
M.P.E.P. § 2144.09 (citing In re May, 574 F.2d 1082, 197 U.S.P.Q. 601 (C.C.P.A. 1978). Thus, 
even if the prior art could be said to teach or suggest glycine betaine "derivatives" that may be 
considered to be structurally similar to the claimed glycine betaines, there would be no reasonable 
expectation of similar properties in these alleged "derivatives," as explained in detail below. 

The Examiner's attention is directed to the attached Declaration under 37 C.F.R. § 1 . 1 32 by 
Dr. Christian Grandfils, Ph.D., Assistant Professor at the University of Liege in Belgium. His 
curriculum, vitae is attached as Exhibit A. In the Declaration, Dr. Grandfils explains the structural, 
chemical, and physio-chemical differences between the disclosed compounds and the claimed 
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glycine betaine, and attests that because of these differences, a person of ordinary skill in the art 
would not have found the claimed glycine betaines to be obvious or predictable based upon the 
individual and/or combined teachings of Cubicciotti, Malamud, and/or Murphy. 

In paragraph 4, Dr. Grandfils addresses the Cubicciotti references. In more detail, Dr. 
Grandfils explains that the premise of Cubicciotti is based upon the ability of the molecules used in 
the disclosed molecular machines to recognize and self-assemble. This requires that the molecules 
contain at least one hydrophobic segment and at least one hydrophilic segment, sufficiently separated 
from each other in the molecular structure. In contrast, glycine betaine is a hydrophilic compound 
only that is soluble in polar solvents such as water. That is, glycine betaine would not have the 
requisite self-associating capabilities sought after in Cubicciotti. Accordingly, Dr. Grandfils attests 
that a person skilled in the art would have no reason to modify the system of Cubicciotti to use 
glycine betaine because this would defeat the purpose of the invention disclosed in Cubicciotti. In 
addition, Dr. Grandfils explains that because of structural and chemical difference between the 
claimed glycine betaine and the disclosed compounds, a person skilled in the art would have no 
reasonable expectation of success in making this suggested modification. 

In paragraph 5, Dr. Grandfils addresses the Malamud reference. Dr. Grandfils explains that 
Malamud is directed towards the delivery of microbicide drugs comprising surfactants with 
spermicidal, antiviral, antibacterial, and antifungal activities, such as a class of compounds 
comprising an alkyl-N-betaine surfactant in combination with an oxide selected from the group 
consisting of alkyl-N, N-dimethyl amine oxide, N-dihydroxyethylamine oxide, acylamino t-amine 
oxide, and mixtures thereof. According to Dr. Grandfils, the drug's activity is centered on the 
association of the surfactant with the oxide to form a stable micellar structure in the compound. As 
shown in Declaration, the structure of glycine betaine does not correspond to the structure of alkyl- 
N-betaine. 
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In addition, the differences in structure between the disclosed alkyl-N-betaine and the 
claimed glycine betaine give rise to fundamentally different and disparate physical and chemical 
properties, which are neither predictable nor obvious in view of each other. For example, alkyl-N- 
betaine surfactants contain an alkyl chain, which Dr. Grandfils explains is responsible for generating 
the surfactant properties with the associated spermicidal, antiviral, antibacterial, and antifungal 
activities. This assessment is supported by the attached article by Birnie et al., Antimicrobial 
Evaluation ofN-AlkylBetaines and N-Alkyl-N,N,-Dimethylamine Oxides with Variations in Chain 
Length, 44 Antimicrobial Agents and Chemotherapy, 2514, 2514 (Sept. 2000) (attached as 
Exhibit B), which discloses that the alkyl chain on the surfactant becomes integrated with, and 
disrupts the cell membrane function of, the microorganisms. Moreover, the article teaches that 
longer alkyl chains are preferred over shorter chains, with C 16 being the preferred chain length. Id. 
In addition, the article teaches that the ability of the alky-N-betaine to form the micellar structure is 
critical to its biological activity. Id. 

In contrast, as noted by Dr. Grandfils in the Declaration, glycine betaine does not exhibit 
microbicidal properties. Moreover, as noted by Applicant in the previous response, glycine betaine 
actually provides a favorable environment for microorganisms: (1) it has protective effects on 
spermatozoa; (2) it favors bacterial growth, and bacteria avidly uptake glycine betaine to protect 
themselves; and (3) it favors fungal growth and the development of yeast. (See Exhibits E-K that 
were filed with the June 20, 2007 Amendment). This makes sense because, unlike the surfactants 
disclosed in Malamud, there is no alkyl chain in glycine betaine to interfere with the microorganism's 
cell membrane and generate the associated spermicidal, antiviral, antibacterial, and antifungal 
activities. Conversely, based upon the structural and chemical differences between the claimed 
glycine betaine and the disclosed compounds, Dr. Grandfils further attests that a person skilled in 
the art would have no reasonable expectation that the alkyl-N-betaine surfactants disclosed in 
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Malamud would be capable of generating the therapeutic properties of the claimed glycine betaines 
to treat thrombosis. 

In addition, as Dr. Grandfils avers, there would also be no scientific rationale to modify the 
surfactants disclosed in Malamud to remove the alkyl chain and replace it with a methyl group to 
arrive at the glycine betaine structure. This is especially true in light of Birnie et al. above, which 
teaches away from this modification by teaching that longer alkyl chains are preferred as they 
demonstrate better microbicial activity. That is, removing the alkyl chain from the betaine surfactant 
in Malamud would defeat the spermicidal, antiviral, antibacterial, and antifungal activities of the 
surfactant and render the drug unsuitable for the intended microbicide purposes disclosed in 
Malamud. This modification would also interfere with the surfactant's interaction with the oxide and 
inhibit the formation of the micellar structure necessary to create a stable microbicide compound. 
Thus, because the proposed modification or combination would render the invention of Malamud 
unsuitable for its intended purpose, or change its principle of operation, there can be no suggestion 
or motivation to make such modification or combination. In re Gordon, 733 F.2d 900, 902 (Fed. 
Cir. 1984). 

Finally, Applicant asserts that Malamud is non-analogous art, and it is improper to use it as 
the basis of an obviousness rejection against the present application. One inquiry to be made in 
rendering an obviousness determination, is to determine the scope and content of the prior art. A 
determination of the scope and content of the prior art involves distinguishing analogous art from 
non-analogous art. See In re Clay, 966 F.2d 656, 658, 23 U.S.P.Q.2d 1058 (Fed. Cir. 1992). Only 
analogous art should be used when making an obviousness determination. To be considered 
analogous art, a reference must satisfy one of two criteria. Id. at 659-59. First, a reference is 
considered analogous if it is within the same field of endeavor as the claimed invention, regardless 
of the problem addressed. Id. Alternatively, even if a reference is not within the inventor's field of 
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endeavor, the reference may still be analogous if it is reasonably pertinent to the particular problem 

with which the inventor is involved. KSR, 550 U.S. , 82 U.S.P.Q.2d at 1 397. That is, areference 

is analogous art if "it is one which, because of the matter with which it deals, logically would have 
commended itself to [the] inventor's attention in considering his problem." M.P.E.P. § 2141.01(a). 

When considering the first criterion, it is clear that Malamud is not within the same field of 
endeavor as the present invention. Rather, Malamud is concerned with the field of prophylactics and 
microbicides for prevention of pregnancy and "protection from or treat[ment] of sexually transmitted 
diseases (STDs), including herpes, syphilis, gonorrhea, chlamydia and HIV." Col. 1, 11. 35-43. The 
prophylactics and microbicides are delivered via a remotely controlled delivery device, specifically 
a "vaginal ring or other shape housing." Col. 1, 11. 35-37. To this end, Malamud discloses using 
surfactants, such as alkyl-N-betaine, that have microbicidal, spermicidal, and antifungal properties. 
Col. 5, 11. 34-38. In contrast, the present invention relates to the field of treating thrombo-embolic 
and haemostatic diseases of arterial or venous origin. Applicant submits that a person of ordinary 
skill in the art of treating arterial/circulatory diseases would not have any incentive or motivation to 
look to the field of STDs, prophylactics, microbicides, and vaginal rings as they are wholly unrelated 
fields of endeavor. 

The next criterion to consider in determining whether Malamud is analogous art is whether 
that reference is reasonably pertinent to the problem that the inventors of the present claims were 
addressing. This criterion is also not met by Malamud. The present invention solves problems of 
treating and preventing arterial and circulatory thrombosis without the risk of hemorrhage or allergy 
that commonly result from prior art compounds. Malamud is not at all pertinent to this problem. 
Rather, Malamud is concerned with providing "discreet, safe and effective" intravaginal drug 
delivery devices that do not suffer from the drawbacks of prior art systems which use gas pressure 
to force a dose of the drug into the body cavity. Col. 1 , 11. 15-32, 45. Thus, Malamud addresses a 
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completely different problem than the one faced by the inventors of the present invention. It cannot 
be said that Malamud "logically would have commended itself to [the] inventor's attention in 
considering his problem." M.P.E.P. §2141. 01(a). Thus, because neither of the relevant criteria are 
met by this reference, it is respectfully submitted that Malamud is non-analogous art and should not 
be used as a basis for an obviousness rejection against the present application. 

Turning back to the Grandfils Declaration, in paragraph 7 Dr. Grandfils addresses the 
Murphy reference. In more detail, Dr. Grandfils explains that Murphy is concerned with substituted 
fullerenes, which have completely different chemical structures compared to the recited glycine 
betaines. In particular, fullerenes are comprised of carbon atoms and form hollow spheres, 
ellipsoids, or tube shapes. Reacting a fullerene with a glycine derivative, such as N-aryl glycine, 
produces an R-substituted fullerene with a structure that is nowhere near that of glycine betaine, as 
illustrated in the Declaration. Moreover, as seen in Col. 24, 11. 10-40 of Murphy, even the 
intermediate product is still totally different from glycine betaine. In addition, Dr. Grandfils avers 
that the properties of fullerenes are well known in the art, and the disclosed substituted fullerenes 
would have properties totally different from glycine betaine in terms of chemical structure (as can 
be seen in the Declaration), molecular weight, and solubility. Finally, there is actually no mention 
at all of betaines in Murphy. Thus, Dr. Grandfils attests that a person of ordinary skill in the art 
would not find the claimed glycine betaines to be obvious or predictable based upon information 
provided in Murphy. 

According to Dr. Grandfils, there is simply no scientific rationale in Cubicciotti, Murphy, 
or Malamud, taken individually or combined, which could explain or provide a reasonable 
expectation of success in achieving the surprising and unexpected results of the invention claimed 
in the present application, based upon the information provided in these references and the 
knowledge available to persons of ordinary skill in the art at the time of the invention. Therefore, 
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as the claimed invention would not be obvious to a person skilled in the art at the time of the 
invention, independent claims 14, 19, 27, and 42 are patentable over the art of record, and it is 
respectfully requested that the rejections against these claims be withdrawn. 

In addition, while dependent claims 15-18, 20-25, and 28-30 recite additional patentable 
features, these claims should also be in condition for allowance, as depending from patentable 
independent claims. In re Fine, 837 F.2d 1071, 5 U.S.P.Q.2d 1596 (Fed. Cir. 1988). 

As a final matter, Applicant notes that the corresponding international application 
PCT/BE00/00021 has been granted in the European Patent Office as EP 1 1 56796 on November 30, 
2005, and corresponding international application PCT/BE02/000 1 3 has been granted in the 
European Patent Office as EP 1408949 on November 22, 2007. 

In view of the foregoing, it is believed that no further issues exist with respect to this 
application. The Applicant respectfully requests a Notice of Allowance. Any additional fees due 
in conjunction with this amendment should be applied against our Deposit Account No. 19-0522. 



Respectfully submitted, 




HOVEY WILLIAMS LLP 
10801 Mastin Blvd., Suite 1000 
84 Corporate Woods 
Overland Park, Kansas 66210 
ATTORNEYS FOR APPLICANT(S) 
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Alkyl betaines and alkyl dimethylamine oxides have been shown to have pronounced antimicrobial activity 
when used individually or in combination. Although several studies have been conducted with these compounds 
in combinations, only equimolar concentrations of the C I2 /C I2 and C 16 /C H chain lengths for the betaine and 
the amine oxide, respectively, have been investigated. This study investigates the antimicrobial activity of a 
wide range of chain lengths (C 8 to C lit ) for both the betaine and amine oxide and attempts to correlate their 
micelle-forming capabilities with their biological activity. A broth microdilution method was used to determine 
the MICs of these compounds singly and in various molar ratio combinations. Activity against both Staphy- 
lococcus aureus and Escherichia coli was investigated. Antimicrobial activity was found to increase with increas- 
ing chain length for both homologous series up to a point, exhibiting a cutoff effect at chain lengths of 
approximately 16 for betaine and 14 for amine oxide. Additionally, the C 18 oleyl derivative of both compounds 
exhibited activity in the same range as the peak alkyl compounds. Critical micelle concentrations were 
correlated with MICs, inferring that micellar activity may contribute to the cutoff effect in biological activity. 




As more resistant organisms continue to emerge in society, 
the identification o! additional antimicrobial agents becomes 
increasingly more important. Compounds such as surfactants 
are an area to be investigated. Betaines and amine oxides, two 
types of amphoteric surfactants, have been shown to exhibit 
antimicrobial activity against a variety of microorganisms (7, 
16, 18, 25). Although each of these compounds has shown 
pronounced activity alone, they have also been used in combi- 
nation to exhibit a synergistic effect (6). 

An equimolar mixture of A'-alkyl betaine and A/-alkyl-7V,A/- 
dimethylamine oxide was patented in 1978 in a compound 
called C31G (17). With chain lengths ranging from C K to C 18 
and buffered in a citrate buffer, C31G was first shown to have 
pronounced wound healing and deodorizing e fleets, as well as 
antimicrobial sensitivity. Further studies showed C31G has 
exhibited pronounced activity not only against bacteria, but 
also against yeasts, fungi, sperm, and enveloped viruses (4, 6, 
1.4, 23). Although several studies have been published about 
this compound in reference to the extent of antimicrobial ac- 
tivity, little work has been conducted with any other chain 
ii i 1 1 ilowin ) i i ibin itions 

(i) C 12 betaine-C i2 amine oxide and (ii) C ]6 belaine-C 14 amine 
oxide. Additionally, only an equimolar ratio of the two com- 
ponents has been investigated. 

The structures of these two components are shown in Fig. 1. 
The variation in length of the long hydrocarbon tail is thought 
to influence the extent of antimicrobial activity. Like most 
other surfactants, they are believed to be membrane perlur- 
bants, disrupting the cell membrane of the microorganism 
(26). It is believed that interaction with the surface of the 
microorganism is a function of the polar head groups of the 
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betaine, amine oxide, or mixture of these molecules and that 
the hydrocarbon tail subsequently becomes integrated with the 
lipid bilayer of the cell membrane. This integration causes a 
disruption in the membrane and inevitably causes leakage of 
the cell contents. The length of the alkyl chain of the surfac- 
tants is thought to contribute to the extent of this membrane 
disruption, because the higher chain lengths may be incorpo- 
rated into the lipid bilayers of the plasma membrane. The 
increased hydrophobic effect of these longer chain tails may aid 
in this disruption (16). 

In an effort to find an optimal combination of betaine and 
amine oxide, our study evaluated the extent of antimicrobial 
activity of a homologous series of betaines, amine oxides, and 
combinations of these compounds. Being surfactants, their mi- 
celle-forming capability is also correlated with their biological 
activity. 

MATERIALS AND METHODS 
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/V-Alkyl- /V-W-dimethyl-aminc oxide A'-Alkyl-betaine 

HO. 1. Chemical structures or /Y-alkyl-/V,W-dimethylamine oxide and W-alkyl 
betaine. 
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RESULTS 

Betaine. The antimicrobial activity of a homologous series of 
AT-alkyl betaines was evaluated against S. aureus and E. coli. 
Table 2 shows the MICs of these compounds. Antimicrobial 
activity was very poor at lower chain lengths, with MICs of C 8 
betaine of 2.3 X 10 4 u,M for S. aureus and 1.2 X 10 4 |xM for£. 
coli. The MICs of the betaine series decreased with increasing 
chain length, plateauing at the higher chain lengths — around 
C 16 for both microorganisms. The C lfi compound exhibited 
some of the best activity, with MICs of 61 and 120 pM for S. 
aureus and E. coli, respectively. 

Amine oxide. Tabic 3 shows the MIC results for the series of 
homologous A/-alkyl-/V//-dimethylamine oxides. Like the be- 
taine series, the amine oxide series followed a similar trend of 
increased activity with increased chain length. Again exhibiting 
very poor activity at the low chain lengths, the MICs of the ( B 
amine oxide were 2.9 X 10 4 and 3.6 X 10 4 (xM for S. aureus and 
E. coli, respectively. The activity also increased with chain 
length, up to approximately C )4 to C 10 , and then tailed off at 
the higher chain lengths. For the amine oxide series, activity 
peaked at a chain length of C,., against F. coli. at a MIC of 31 
jxM, and plateaued at C, 4 to C l6 against S. aureus, at a MIC of 
62 |xM. In addition, the C 18 oleyl compound showed excellent 
activity against both microorganisms, matching the alkyl 
chain's peak activity. Being unsaturated in chemical structure, 



TABLE 2. MICs of a homologous series of <V-alkyl betaines 
for both S. aureus and E. coli 



Compound 




MIC (n-M) 








E. coli 


C H betaine 


2.3 X 10 4 




1.2 X 10 4 




150 




290 


C, 6 betaine 


61 




120 


C, 8(0 ) betaine 


110 




230 



the oleyl compounds do not exhibit the poor solubility prob- 
lems usually associated with the C ]8 stearyl compounds. 

CMCs. The CMCs for /V-hexadecyl betaine and AZ-tetra- 
decyl-A^/V-dimethylamine oxide were determined by using sur- 
face tension measurements as a function of concentration. The 
remaining CMCs have been collected from the literature and 
are shown in Table 4. It is well known in the literature that a 
linear relationship exists between chain length and CMC (22). 
For a homologous scries, the following equation has been 
used: Log CMC = k x N + k 2 , where N is equal to the number 
of carbon atoms in the alkyl chain and k t and k 2 are constants. 
A linear relationship was determined for the betaine series in 
this study, yielding the equation Log CMC = -0.447 N + 4.10 
(R 2 = 0.995). The amine oxide series also followed a linear 
trend, yielding the equation Log CMC = -0.438 N + 3.89 
(R 2 = 0.998). Even with compiled CMCs, determined under 
different conditions, the linear correlation is still very good. 

DISCUSSION 

Cutoff effect. Unlike the log-linear relationship between in- 
creasing alky! chain length and CMC for an entire homologous 
series, both the betaine and amine oxide series showed this 
linear relationship with the antimicrobial activity only at the 
lower chain lengths. Figures 2 and 3 show the relationship of 
concentration versus alkyl chain length, comparing both the 
MIC and the CMC. The MICs of both the betaine and the 
amine oxide series for both microorganisms exhibited a pla- 
teauing or parabolic effect with increasing alkyl chain lengths, 
occurring at chain lengths of approximately 14 to 16. This 
phenomenon is consistent with current literature regarding 
biological activity, with numerous studies documenting this 
type of response with homologous series of long-chain ampho- 
philic molecules (13, 22, 24). 

Ferguson was one of the first to document this type of effect 
in 1939 (8) when compiling a combination of studies relating to 
homologous series of compounds. Me referred to this change 
in biological activity as exhibiting a "cutoff effect" at higher 
chain lengths. 

Several theories have been postulated as to why this cutoff 



TABLE 1 


. JV-Alkyl betaine and N-alkyl-A^N-dimethylamme oxide 




TABLE 3. MICs of a homologous seri 


es of W-alkyl-iVyV- 




derivatives available from manufacturers 




dimethylami 


ne oxides for both S. au 


reus and E. coli 


Chain 




Manufacturer 








MIC (u.M) 




Betaine 






S. aureus 


E. coli 


Q 


Mclntyre 


Mclntyre 


C R a 




2.9 x 10 4 


3.6 X 10 3 


C 10 




Mclntyre 


C,«. 


amine oxide 


3.1 X 10 3 


340 


C p 


Mclntyre 


Mclntyre or Stepan 


C,2 




340 


87 


C,a 




Stepan 


C,4 




62 


31 


c, ( , 


Mclntyre 


Stepan 


c 16 




56 


56 


C 1R 




Stepan 


c ls 


amine oxide 


102 


390 


C,« (oleyl) 


Mclntyre 


Mclntyre 




)} amine oxide 


51 


25 
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TABLE 4. CMCs of /V-alkyi betaine and 
A'-alkyl-TV.A'-dimethylamine oxide as a function of alkyl chain length 



8 


1.86 X 10 5 (1) 


1.50 X 10 5 (2) 


10 


1.80 x 10" (1) 


1.5 X 10 4 (21) 
1.70 X 10 3 (10) 


12 


1.84 X 10 3 (1) 


14 


186(1) 


268 


16 


20.1 


24.9(10) 


18 


4.78 (9) 




" Reference numbers are given in parentheses. 



effect occurs. Janoff and Pringle (12, 20) have associated this 
cutoff with a limit in solubility. They proposed that as the alkyl 
chain increases, lipid solubility increases at a rate faster than 
the change in partition coefficient (lipid/aqueous). At these 
higher chain lengths, partitioning is limited, making the con- 
centration at the site of action insufficient to have a significant 
effect on the membrane of the cell wall (.12, 20). Other ac- 
counts attribute this to a decrease in perturbation of the mem- 
brane at higher chain lengths, proposing that the longer alkyl 
chain molecules better mimic molecules in the lipid bilayer, 
causing less of a disruption in the membrane (7). 

Although numerous theories exist, it is likely that in the case 
of the betaine and amine oxide series, the culolf in biological 
activity is due to the micellar action of these compounds. Ross 
and coworkers first suggested this theory, investigating alkyl- 
benzyldimethylammonium chlorides of various chain lengths 
(22). As surfactants increase in chain length, their tendency 
toward micelle formation is greater, noted by the lower CMCs 
at higher chain lengths. This tendency to form micelles be- 
comes greater than the tendency to move toward the interface 
(the membrane), and thus the concentration at the site of 
action becomes decreased. Also, as the size of the diffusing 
species increases from the size of a monomer to that of mi- 
celles, their dilfusibility and permeation abilities will decrease, 
affecting their action on the microbial cell wall. 

Comparing the CMC and the MIC in Fig. 2 and 3, the linear 
CMC line intersects the MIC line at the cutoff point for both 
the betaine and amine oxide series with both microorganisms 
im sligule< \t chain lei >th In ow the cutoff point, the MICs 
of both compounds are below the CMC line, implying that the 
monomeric species of these compounds are responsible for an 
antimicrobial response. Although some micelles may be 
present at concentrations below the CMC, it is not likely they 
are significant enough to produce an effect. In the case of the 
amine oxide scries, the MICs for E. coli are up to 2 orders of 




magnitude lower than the CMC. At these concentrations, it is 
not likely that the presence of micelles is significant. 

At chain lengths above the cutoff point, the MIC is not 
reached until well above the CMC. Possessing a much lower 
CMC than the short-chain homologues, fewer monomers will 
be present at these concentrations, apparently less than are 
needed to produce a significant biologic effect. Increased over- 
all concentrations are needed to obtain the desired bactericidal 
effects. 

Effects of differences in bacterial strains. It is also to be 
noted that both the betaine and amine oxide series show sim- 
ilar trends in activity for both S. aureus and E. coli, with both 
organisms exhibiting a cutoff effect in approximately the same 
location. These results are advantageous in a compound selec- 
tion process, in which only one chain length that exhibits the 
best broad-spectrum activity can be selected for further devel- 
opment. 

Although the similar effect on both the gram-positive and 
gram-negative organisms is preferred, it is not always the case 
with different strains of microorganisms. Perguson noted that 
the most resistant organisms will often exhibit a cutoff effect 
much lower in alkyl chain length, while Lien and Hansch more 
specifically concluded that gram-positive organisms preferred 
a more lipophilic molecule than the gram-negative one (15). 
This has been attributed to the cell wall difference between 
bacterial types and strains. E. coli, a gram-negative rod, exhib- 
its a more complex cell wall than gram-positive organisms such 
as S. aureus (5). Although both gram-positive and -negative 
organisms have a similar cytoplasmic membrane inside the 
outer wall, containing both phospholipids and membrane pro- 
teins, the outer walls are very different. Gram-positive bacteria 
have a very simple cell wall, consisting mainly of a mesh-like 
structure, while the gram-negative bacterial cell walls contain a 
layer of peptidoglycan between an outer membrane and the 
cytoplasmic membrane. This outer membrane contains lipo- 
polysaccharidcs which are cross-bridged by divalent cations, 
believed to aid in the stabilization of the outer membrane and 
also make the membrane more impermeable to lipophilic mol- 
ecules (3). 

Oleyl compounds. In addition to the cutoff peak of the 
homologous series, the oleyl compounds showed very good 
antimicrobial activity. The compounds are unsaturated and 
exhibit a much greater aqueous solubility than that of the other 
high chain lengths, particularly the C 18 stearyl. They likely 
possess the right lipophilic/hydrophilic balance to allow the 
molecule to adequately disrupt trie cell wall of the microor- 
ganism. The CMC of the 9-octadecyl-/V,N-dimethylamine ox- 
ide has been shown to be 128 u,M (1 1), which is comparable to 
the CMC of the most anlimierobially active alkyl compounds. 
Additionally, the CMC of this derivative is greater than the 
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MIC, further supporting the contention that the antimicrobial 
aspects of these compounds are primarily due to that of the 
monomer. 

Conclusions. Overall, by comparing the MIC and CMC of 
the betaine and amine oxide scries, this study has provided a 
better understanding of the relationship between the biological 
activities of these compounds correlated with their micelle- 
forming capabilities. It was shown that the majority of com- 
pounds provide excellent antimicrobial activity in their mono- 
meric forms, but at chain lengths above the cutoff point, 
compounds must be in both a miccllar form and monomel ic 
form to exhibit a similar antimicrobial effect. Additionally, a 
range of chain lengths that exhibited sonic of the best antimi- 
crobial activity was identified for both compounds. For both 
the betaine and amine oxide, compounds in the range of C M to 
C ]5 were shown to be among the most effective of the alkyl 
compounds in addition to the unsaturated C, x oleyls. 
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Ikk ni( ills' -.j ■ 1 1 1 itt '.ill i H k it >i t s'v lli I ilt.it ' i i i 'I i I ml s| i t i n 
..ii i ii I i ' i i 1 i ii i ! t 

I lll'lll ' I 'ill 'II • I ] I li' 1'' l I't 'inl 1 I l • I I'll 

• kt ue Mi i .1 Hi it ( n lilt | ' Hit u me lint, hi > i I 
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III il' II I MM id H i v 1 1 !> . I il liil' 1 I 'i ' I U il HI! "ill 
s Mp.ibk 1 Oll> I- . *' ll T ! i ' M Hi ' i t MM. Illhl 

- ,nii'!u il ii vh mil iv h hill Mm in tl v I . i iiiiMi't m'sntiiii 
I a i | i I ii i I , I ui III'! 1 , , ii iilliti a. in', v 

,'pi 1" i inn' mhI mm .1 ' i -\ hull i m i m ii , ji mi i , n. Ii 

i ^ Li a hi pan ur i Mini civ pi in vt hid pi ti ill] binds or 

h i| . | t lu il u i_n i ,mi Mini t '_t >■ I u ii . lit. m>- "I the 

i in i if imi in , n . i i t i iM.it, p in tor it I m 'Ii i mi. i ' i hM n 
. "Mil 1 'I MM i . 

' I" I , I ,pi M I I II v ' ill 1' I. t I , I >- t Ml [ )MipU I , MHI I llil"- 1 ' M IS if 

I , U I ' IM ' i , I p lilt 1M I I I .Ml M 111 i M * I > MM 11 i, 11 

•ili 'i, l-M Ii i >Miii'ii ii t \ Im'Ii t ni'ipi < iii 1*11 ' ■> ill 1 1 J i tl 
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I in l[i > < i > mm . !. v t< > i hi mpi i n i ' t ii i 1 i 1 ml I in I il ImiM 

hi I | Mil 11 mi 1 1 I pi ll I m ti . I i li It i| I 

- a n 'i | I i i i v miihn t I t ,u m hah o ii | i t *. iipi ' tt 1 i'Ii i. i 

M.U. IL l JIM Ml Ml-' t hUm,.! 1 M Ii' i. ll I MH HI, | 111 M ll IP 1 ,j m! ' 
1 "t input ( i|| ji.Hi , 

Mimhiii 1 1 I i 1 1 1 1 1 < I i i , ,'L'iis t Iii Ji i ui:,p' m i u llmi i 1 1 I n I Mi. 

_L_t tl 1 MM . ill lip 1 ' I M I 1 1 I M i I 1 II I'' 11 ll ill i 'i 
,11'' II 1 MM< lupin ti In . pilltu MiM IMi i,l i tl ,p. It 

lv . i,m Mud n mm.ipl.mu'ia mill riumMili I it tru Mmmm mp 'i uhJ 
1 • ii 'm i mill mil 1 " < i n ns v h. i it M mhmi 11 i- n m 

,i IM- .i - lit tl i i M ! I • . I It lit . t > . I,i . ,i . n 1 tl Mn Pi vl 

- n i ii il in ii 'i it I Mil. i ii in Im 1 u i i >i i i ii n| , 'i ) n 

multimoleculai «'•• mmohiliwc mi- solid ippori whereii the 

.1' P 11. kt l! I Mlh 't I 1 Mu 1 1 till. It lip ( 1 , M < I | I, t IMI 

miil(imok\ il, i t u , 1 mm ,ml , <n n d m P til Nil, i .11 m ■ t 

iii] I ii l h I In I ti i in 1 1 he i 1 1' M ' pt 1 1 t i lli i > 1 tl 

iVillMhM I M< . S p III , ,1 MIM ' DM ll III HI M - III!' 'I Pitll It 

j ' til t tk M MO Hllllll ll 111 in I M t I I III IMI I I v M ip 1 1 1 1 Ml 

M'Mll. I M I, I 1 1 1 _ I , .Ml 

- a mi p i pml t ' 1 i mipn inn m It I >i mini I it 
1 1 1. mil. t * iMiM n i us. el . oi , n_ | l 1 1 l 1 1 1 I'Mt tl n I m 

.ipi'irmui'i , MfMnl.Mii ii . .pt iIim.i. •> \ " it I ...mipi m t plurality of 

. I I Ii l M I Ml tit "I p lit ( ip ( i I 111 P I 111 ' - ' ■ I .! pl>p ll HM I ' 

J. . v Ip I. 1 i i i 1 tit ii Li ,n i 'ii, i ,i,iii i S 1 1 k 1 1 i I t ti q h nccs 

i I 'll il I .1 Hm I I it I ti 1 1 hill I 1 1| I! I t MM 

,,i I f i ' * ii m n i til i ' 'iii' ' ' i m I i i m i 
iihmmm t- i ' ' pdhml pt ' 1 1 oil r, I tli nv e ,;p l.Mii nnt-k\ I < 1 e be 
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n ij I in i iii! lit ih"ir>, and 

HI t '(> K I 1,1 iP'tVI > [ - I 1 1 \ i ' ' ! 1 1 " '' 1 I > i I '! i m i U I II Ml | ' 1 " it i 
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•y ill' IK itf.mi m i n i imm t of ii iii I lih i 1 1 i i I 

mud dim. nl IU niii. uv > i i. mi pnuti ,s dv-iLialil Ai >ial .ml 
attachment la detected by sinyle-im>iecnb detection. 

Iiv i , i mi ' 1 I i i 1 1 1 hit 1 . 1 i 1 ' i ■ i n hi i ki ! 1 id >i t i , ' i ,i m I. ! mi 
. i du I . tin ii nli to it 1 , o l ii. . i' i ii ad i i i ,i i , , I i im i i i- 1 I m the 
iiu iii'niu.aiii.Ui i > u , di <1 m i u"m i mil i ih. , i m in n . > uh •< M t , p i mi m I I 
m tn id AiHid 1 1 iM I ml m u d i i ■ du \ i i i i du , ^ mi > > J' mm « tmne, us 

li n mi ill mi i „ H l i e i n id il i i m i« lui 1 1 i ' m 1 1 ubu i ill 
,i i i In 1 di . i hni > 1 i id «. ' i' Hi' i ' h i i |'p ii i id.m tK ni mm , id 
m >p i, I i • nil 1 * i ' 1 i I m 1 v m i ipdcatioti. 
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pint i ml ii i til i tmi il m n 1 im 1 i i n u h 1 m >, i mm h 

i i in) in r ' an ill \ N u r im i ilnhn i mi I m mm > n . m |, , d , n t imm dn mo ip 
t mi i 1 r " m . m | s \ , » , t | ,,,, , , n | t vjn v i , I n m di I urn n n • 
i >iik mi i v 'in > i'ii ' ui I i I si i i m i i i h i- < i it i I mm I tan sit 

mi i- idi in Iiimii m ii ! , i hi,' -ii'i i a i , mi limn I 

' t i a j - hi -.Ii in dm art a; the tur.c of dm | m m , di tt> n n '. m dm. the 
1 i . 1 ad . v I J am 1 ii i i a. i m mi' i .iv 1 I i ii i Inn s Ml nimd In 
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'I, l t lid ' I I l I iH till' 1 uiu I I 'i 1 I II 1 1 u t . . 11 Ml. SU1 1 li' t, . i pi, . 

In - a in th iiiiL , t I .1 , ill , ! x u i in in 1 i ' ii,l i u I, ' ml' 1 1 h, , 1 li tl l i p u i ik 

•', I | i I ' > 'In i|> I I 111' |i uju |1L < I'll I , n„ . n i ,n Mil! , 1 I ill! ,11 1,1*1 i I 1 1 1 iin 
tUt I illl , > (Is 111,' • 
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),• c - - - - a 

I 1 
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\ k\ N r I n !• 

• m • i \ l i i I i « nl it ! i <. ii' i I -I | i> j". U , I i i i , it I ,iu , ,n iki the 
1 i Mm , i n Mai s .' t 1mm Jin ill i I , ii m .i n I It >l 'i 1 1 > lilt lit a it mam J 
i ■ ik i .uiu n i ml i -i ml in I mi J J 1 • im I > mi i v i iln 'iiului i and 
l v hi li I. i i i I v 1 i I i'l > I Hi In * h i ! 1 1 1 ii ill i ' I H < i i i n. 
tlm Jit. tpi nt l p up hi i,| i i , mi JjLi Ji .im.. I, Ik til •" niKi i . 

Based up< n ih ti t ii ^ til M i! i m 1 it , 1 u ill ml m.\i kmi t M i m 1t> i pi muii 
l , 1 i n (Ik , t i lu t ii- n| h ! 1 nt iu I in i I , it i In M 1 1 i i i i i ii <t i 

ktim i'hiti' Ih 'ii ^' ifikl .ilsn k n , , mil 1 1, t it , .nil In -inn il> fh "In an , ,1'" l'i u 
' i in ii i 1 , u ' i 'In . II ', . 1 'i n I 1 1 1 1 i it v Ii in t i I m np " f tl il.it'. 
'im ' 'i i n n, ! ih i . Ml mm 1 i in ill in ,1 i |. i in m 1 ilkyl 

ii i 1 1 ■ it t i p i • 1 ni ii il ■ -ih i 1 1 1 m 1 in< I i i .t it ■ ill ' mi t t ni 
t> ii ii th. i * ' m-ii I In 'u 'hi n ii n i i . i. n 1 I p . >( . I d t * 1 n mm 1 lis 
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